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If* Iwv* obtaintd visuil and far-r*d surface photometry of two X-ray 
emitting BL Ueerta* objects, i:i84>304 C2A12194>30S) and 1727«-S0 ( X 
Zw 187), as well as the highly variable object 12194>28 (OH 231, N Com), 
The intensity distribution for 17274>S0 can be modelled using a central 
point source plus a de Vaucouleurs intensity law for an underlying 
galaxy. The broad band spectral energy distribution so derived is 
consistent with what is expected for an elliptical galaxy. The spectral 
index of the point source is a ■ 0.97. New VLBI and X-ray data are also 
reported for 1727+50. There is nebulosity associated with the recently 
discovered object 1218<«>304. Assuming this nebulosity is an elliptical 
galaxy of ■ -22.4 mag., w* estiMte the redshift to be z ■ 0.13 i 
0.03. The spectral index of the point source alone is a ■ 0.91. We 
find no nebulosity associated with 1219«28. If it is in fact associated 
with an elliptical galaxy, a lower limit of z « 0.10 ± 0.03 nay be 
placed on its redshift. The point source has a spectral index of a ■ 

1.7 independent of the assumption of an associated elliptical galaxy. A 
nearby extended object does not have colors consistent with its being a 
galaxy. Comparison of our results with observations at X-ray and radio 
frequencies suggests that all the emission from 1727+50 and 1218+304 can 
be interpreted as due solely to direct synchrotron emission. If this is 
the case, the data further imply the existence of relativistic motion 
effects and continuous particle injection. 
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X. Introduction 

Bvidonco froa spoetTophotonotry (Oko 1978; Ulrich 1978, end othors; 
soo Woistrop, Snith, Roitsonc, 1979, Paper X, for a list) apartura photonatiy 
(Xinaan 1978), polariaatry (Mata, Martin and Aiigal 1978), and direct 
iaafirf (Paper X) suggests that the nebulosity surrounding nany BL Laeertae 
objects is an associated galaxy. Discovery and study of these galaxies 
will X) detemine the redshift and distance to these objects, 2) provide 
insight into galaxy evolution and its relation to the BL Lae phenonenon, 

3) help separate the sources of optical enission, so that enission froa 
the point source alone can be coopered to enission in other wavelengths. 

To detenine whether there is nebulosity associated with all BL Lac objects, 
and to study the nature of that nebulosity, we have undertaken a prograa 
of direct imaging of several BL Lae objects. Our first results, for 
PKS 0548-322, were presented in Paper I. We report here our observations 
for three nore objects: the X-ray enitting sources 12184>304 (2A1219-^305) 

and 1727-«>S0 (I Zw 187), and the highly variable source 12194>28 (also 
known as ON 231 and W Con). In sections II and III, we discuss the 
observations and reductions and the analysis technique, which has evolved 
since Paper I. The analyses for the three objects are presented in 
sections IV- VI; a:id the results are discussed in section VII. 

XX. Observations and Reduction 

The observations were nade May 1-4, 1979 with a CCD (charge coupled 
device) canera nountod on the 90-inch telescope at the University of 
Aritona's Kitt Peak observing station. The detector in this instrument 
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is a SOO X SOO pixel (pieturs tlMunt) CCD developed by Texes XnstxuMnts. 

For the three sources direct iaeging was obtained in broad passbands 
centered at O.SSmb 0.7Sub and l.Ona. For 1727+SO a broadband 

observation centered at 0.4S)M ('vB) was also aade. Each fraae was 
corrected for dark count, which is low at the teaperature at which the 
instxusMnt is operated, and variations in pijeel sensitivity. The latter 
are a function of chip nanufacture and incident wavelength and are 
soMtisMs referred to as "flat field corrections". With the f/9 cage 
the plate scale at the 90- inch is 9'.'7d/aB, and the observed field with 
the CCD is approxioately 73" x 73". The scale on the CCD is OVlS/pixel, 
so that the seeing disk is well sasipled. 

The data in B and V were calibrated using observations of stars of 
known aagnitude: Ross 640 (Cggen and Greenstein 1965), HD 108285 

(kleMla 1962), 1727<>S0 H CGraine, Johnson and Tapia 1975), and ON 231 A 
(Wing 1973). The stars 1727^50 H and ON 231 A appear on the CCD fraaes 
with the BL Lac objects 1727-*>50 and ON 231, respectively, and also were 
used to define the point spread function for these objects in the analysis. 

The 0.7Stia and I.Omb data were calibrated froa observations of stars 
with known spectral energy distributions: Ross 640 and SA 29-130 (Oke 

1974). Because of liaited observing time and the requireaent that 
co^iarison stars be near the prograa objects in the sky, to deteraine 
seeing accurately, it was not possible to use only stars that are photo- 
aetric standards for calibration. The uncertainties in the stellar magnitudes 
are included in the photometric errors cited below. For the B and V 
observations we find a difference between magnitudes calibrated from 
known broadband magnitudes and from known absolute spectra3 energy 
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distributions. For V,tho difftroneo is ■ 0.10 Mg., in 

good sgrooMnt with tho vsluo obtninod in Pspor I (0.09 Mg.}, whilo 
^*std ■ ^flux^ " eausos for this difftroneo, 

variation in tho gray oxtinction during obsorvation of tho absoluto 
spoetral onorgy distributions, and uso of narrow band eontinuua fluxos 
to ealibrato broadband obsorvations, havo boon diseussod in Papor X. 
Nhllo tho foxMl orrors art rolativoly smII, wo boliovo a roalistie 
ostiMto of tho Man orror in tho dorivod aagnitudos is about 0.1 nag. 

Tho obsorvod Mgnitudos of tho BL Lae objoets art givon bolow. All 
intogration tistos wort rolativoly short, IS ain or loss in B and l.OuBt 
10 ain or loss for V and 0.7S|ia. Tho B and V Mgnitudos given throughout 
axo on tho standard systoa unloss othorwiso notod. 

ni. Analysis 

Wo wish to dotoraino whother the observed spatial and spoetral 
intensity distribution of tho BL Lae objeets can bo aodollod by a point 
source plus giant elliptical galaxy, tho latter taken as a de Vaucouleurs 
intensity distribution (do Vaucouleurs 19S3) . There are three paraaeters 
in such a aodol:' tho redshift, and tho absolute aagnitudos of the 
galaxy and tho point source. Tho observations in each wavelength are 
aodollod independently. Then those results are used to deteraine whether 
the spectral energy distribution of the coaponents is consistent with the 
aodel. There are two observables in each wavelength to be satisfied by 
tho aodol, tho relative spatial intensity distribution, which determines 
the relative intensity of the galaxy and the point source, and the 
total observed flux, which fixes the values of the observed fluxes froa 
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th« falax/ and tha point soureo. For PKS 0S48-322 (Papor Z) and 1727*50 
(bolotf) tho tadshlfts art known and wo uo ablt to dtrivt tht paraatttrs 
for tho point soureo and assoeiattd galaxy. Howtvtr, for 1219*28 tnd 
1218*304, tht rtdshifts art unknown. By assuaing a typical valut for 
tht absolutt nagnituda of tht galaxy, wt art ablt to astiaata tht 
rodthift for 1218*304, idiich is txttndtd, and sat a lowW liait to tht 
rtdshift for 1229*28, if it hiu an assoeiattd galaxy. 

Oat of tht aost eritieal aspects of tht aodtlling proetdurt is 
ptoptr rtprtstntation of tht ataosphtrie sataring, usually dtttxaintd 
froa tht iaagt of a point soureo. In Paptr I wt rtprtstnttd this point 
sprtad function (PSF) as tht sua of two Gaussians, dattraintd by fitting 
tht obstTvtd intensity distribution of a star. Thtrt art two probltM 
with that appraoeh: 1} it assuats circular syaattry in the iaagt and 

that the intensity distribution really can be represented by the sua of 
two Gaussians, 2) if the star is not in tht seat field as the object, 
seeing ehangts aay occur between observations. In our current work wt 
have tliainated these probleas. For all three objects there is at least 
one star in the iaage field which has been used to determine the PSF. 
Instead of fitting the sua of two Gaussians to the stellar distribution 
to represent the PSF, a two-diaensional array consisting of the nomalized 
data from the star itself is used. The assumed model is convolved with 
this array, and then compared to the observed intensity distribution. 

Use of a directly observed PSF has another advantage for this data set. 

Due to problems the telescope optics, stellar images in certain parts 
of the sky were not circularly symmetric. With the observed PSF ws can 
directly compare the models with the observed images. These comparisons 

L 
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iadiest* that all tha obsarvad aayaMtrias in tha spatial distribution 

* 

can ba attributad to tha talaseopa problaas. Iliat is, to the liait of 
our obsarvations, circularly syasatric aodals ara a good raprasantation 
of tha data. 

IV.. 1727*S0 (I 2w 187) 

Oka (1978) has raviawad racant obsarvations of 1727«>S0 and datatninad 
its radshift, t ■ 0.0SS4i.0003, fron spactra of tha associatad galaxy. 
Historically, this objact has variad up to 2.1 blua photographic aagnitudas 
(Hall and Ushar 1973) . While aora racant obsarvations do not indicata 
such larga aagnituda chan;Kas, thara is a suggastion of short-tam 
variability of a faw parcant in tha data of Craine, Johnson and Tapia 
(1975); Tapia, Grains and Johnson (1976); and Sandaga (1967). Sinca thara 
is a known radshift for 1727-fSO. wa havs used tha spatial intansity 
distribution and total obsarvad flux to dataxoine tha fluxas in each 
, wavalangth fron tha point sourca and galaxy. Star 1727-^SO H, in tha 
fiald, was usad to datamine tha PSF. In Fig. 1 wa compare tha obsarvad 
light distribution with that darivad from tha aodals for B, V, 0.7Sua, 
and l.OMm. Tha agraament is axcallent. In Table 1 the observed 
aagnitudes ara coapared to those predicted by the models within 6, 
tha diameter of the circle within which tha flux has been integrated. 

Ike agreement is within 0.02 nag. for each passband. Table 1 also 
presents the apparent magnitudes predicted by the models for the point 
source and galaxy individually. The errors represent the uncertainty 
due to the model fit and photoelectric calibration. The gals'xy magnitudes 
are given to Sandage's 'standard diameter* (about 86 Icpc for H > 50 km/s/Mpe), 
which is 58" at this redshift (Sandage 1972). 


Hm IntfvstcUar absorption was (lotominod fsoa Sandago't aedol 
(1973) and tho axttnetion eurva g Ivan by lloss and Savago (1972) . 

Saadago's nodal givas tha sana E(B-V) as tha Burstaln ind Hailas nodal 
(1978) at tha position of 17274'S0» Tha adoptad valuas for galactic 
absorption ara ■ 0.10 nag.. Ay ■ 0.08 nag., Ag ■ O.OS nag., A^ ^ 

■ 0.02 nag. Valuas for tha K corraction wara takan fron Nhitford (197S) . 
Assuning H ■ SO kn/s/l^c, tha absoluta nagnituda of tha galaxy is My^ ■ 
-21.9 n^g** in good agraanant with tha rasults of Oka (1978), -21.9 
nag., and Kinnan (1978), -21.7 nag. Tha corraction to My^ for a diffarant 
valua of H is ♦ S log h, whara H ■ SO h kn/s/l^c. In Fig. 2 tha broad 
band spactral anargy distribution of tha galaxy is coqparad »rith tha 
known distribution of a giant alliptical galaxy (Whitford 1971) . Tha 
absoluta nagnituda of tha point sourca corractad for galactic absorption 
but with no K corraction applied is Hy ■ -20.7 nag., in good agraanant 
with tha rasults of Millar, French and Hawley (1978), My > -19.9 nag., 
for H ■ 7S kn/s/^^. Tha valua given by Millar, French and Hawley has 
' bean averaged over their observations; tha agraanant therefore nay 
indicate tha absence of any recant variability in tha point source, or 
nay naraly be fortuitous. Tha spactral index of tha point source, a, 
whara F(v) • is 0.97 ± O.IS, in good agreement with Kinnan*s values 
of 0.80-0.93 (1978) but snaller than Oke's value of 1.6 (1978). 

In Fig. 3 wa conpara our optical and far-red fluxes for the point 
source with observations of 1727-^SO at other wavelengths. The data at 
2.7 GHz and S GHz indicate no radio variability fron 1972 to 1978 
(LeSqu^en, Biraud and Lauqu^ 1972; Owen, Spangler and Cotton 1980; 
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Wtiltr «d Johnston 1980), slthoufh IL Lne objoets with fist ndio 
spoetrn gononlly sro vsriablt (V»dlo 1978). Tho 90 GHz points 
(Landau, Bpstain and Rathar 1980) suggast variability, but tha uncartainty 
in tha obsazvations (ona is an uppw Unit, tha othar 0.3 i 0.2 Jansky) 

■akas thair signifieanea quastionabla. Thara is no v/idanea for raeant 
largo optical variations in this ebjaet. 

Tha flat radio spaetzun of 1727+SO is indieativa of a eonpaet radio 
sourea. Wa obsarvad this objaet briafly with tha Mark ZZZ VL8Z systan 
on 13 i^rll 1980 at 2.3 and 8.4 GHz. At 2.3 Qiz, wa dataetad tha sourea 

g 

at a laval of 0.16 t 0.02 Jy on a 22 x 10 wavalangths basallna in P.A. 

‘v 40 dag. batwaan NRAO and Owans Vallay Radio Obsarvacory (OVRC) . Wa 
do not hava a eoneurrant naasuro of tha total flux dansity, but if wa 
usa tha 2.7 GHz naasuranant of Owan, Spanglar and Cotton (1980) and assuna 
no variability, our visibility is *^.84 ± 0.15, indicating a sourea siza 
0".003 in P.A. 40 dag. Tha eorralatad flux density was s 0.11 Jy 
in P.A.'s 129, lOS and 83 dag. An elongated source in P.A. '^ISO dag. is 
consistent with these obsaryations. At 8.4 GHz, tha source was not dataetad 
on any baselines batwaan NRiVO, OVRO and Haystack; but our sensitivity was 
only conparabla to tha total flux dansity (M}.1S Jy). 

The HEA0«1 axpariaant A-2^ dataetad an X-ray source at a position 
consistent trith 1727+50 at > 5 signa significance on days 56-68 of 1978. 

Tha sourea was detected at '^<3 sigma on days 242-250 uf 1977. The best 
fit power law of the fora, 

^Tha A2 axpariaant on HEAO-1 was a collaborative effort led by E. Boldt 
of GSFC and G. Garaire of CZT with collaborators at GSFC, CIT, JPL and 
UCB. 
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dP/dE ■ NE“* «rgs/caVs*e/«rf 

has N ■ .007, a ■ 1.3 (♦.6,».4) (681 cenfMwact tsy^rs). Th# 2-10 ksV 
flux was 1.14 X 10*^^ trg/ai/ea/ssc for ths obssrvation on days S6-68. 

Ifd rsprcssnt our X-ray data in Pig. 3 as a hatehtd srsa, idiieh indieatos 

ths unesrtainty in ths X-ray spsetral indsx and flux. Snydtr (1980, 

* 

privats eoHunication) rsports variations of & factor 3 in ths X-ray 
flux froa 1727'^SO in ths obssrvations six aonths spart (Sspt. 1977-March 
1978^ aads wit!i WAO-l-Al. Within ths accuracy of ths obssrvations not 
only is ths X-ray flux prsdictsd by an sxtsnsion of ths optical spsctsua, 
but, contrary to ths situation obssrvsd in 3C 273 and Ssyfsrt 1 galaxiss, 
so is ths valus of ths X-ray spsetral indsx, suggssting a conaon origin 
for ths optical and X«ray stiission. 

V. 1218<^304 (2A1219«30S) 

X-ray obssrvations first brought ths 8L Laesrtas objset 1218-»304 
• to our attsntlon (Cooks st al. 1978). Wilson st al. (1979) havs rsportsd 
X-ray, optical and radio obssrvations which indieats X-ray variability 
and a powsr law spsetrua in ths optical region with a ■ 1.90. Thsy wore 
unabls to dstsrains a rsdshift although sons vary weak features nay be 
present in ths spsetrua. Obssrvations in ths spsetral range 0.36ua 
- 3. Sun show a spsetral break at about 1.0ua» possibly due to ths presence 
of an associated galaxy (Lsddsn st al. 1980). Additional X-ray obssrvations 
havs been discussed by Worrall st al. (1980). 
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obs«rv«tions indieatt *1218^304 is txtsndtd (Pig. 4) . If* 

•stiutt ths rsdshift for this objoet by ssswinf sn sssoeistsd giant 
•lli^ieal galaxy of a givon absoluta w^]',tudo, and adjusting its 
rodshlft and tho intansity of tha point sourea until tha bast fit to 
tha spatial intansity distribution is obtainad. For tha absoluta auignituda 
of tha galaxy, wa assuaa My « -22.4 aag.; Mq ■ -23.0 sag.; and q 
■ -23.5 sag.; aagnitudas dafinad to Sandaga's (1972) ’’standard 
diaaatar*' of tha galaxy. Thasa astisitas ara darivad fro* tha aagnitudas 
of tha galaxias assoeiatad with 1727^50 and PKS 0548-322 (Papar X) and 
Oka's valuas for 1727<fS0, SC371 and 8L Lac (1978). Tha bast fit to tha 
obsarvations is obtainad with a radshift z ■ 0.13 ± 0.03 and a point 
sourea with V ■ 16.31 nag., ■ 15.92 nag., "> 20 ” 15.57 mg. (My ■ 

-23.2 mg.), at tha eantar of tha galaxy. At this radshift, tha apparant 
■agi»ituda of tha galaxy intagrated to tha 'Standard dianatar'^ is V • 17.26 
mg. At tha high galactic latitude of this objaet, wa hava assuaad no 
galactic absorption. Two franas wara taken in tha 0.75ua band, and 
reduced independently. Tha difference in tha mgnitudes of tha point 
sourea at this wavelength is 0.04 mg., which indicates tha internal 
accuracy of tha observations and procedure. The spectral index of the 
point source is 0.91 ± 0.21. This value is essentially independent of 
radshift, since tha flux is doainatad by tha point source, not tha 
galaxy. If wa assume there is no galaxy, and all tha emission is from 

y 

tha point sourea, wa find a ■ 1.06 i 0.21, tha same, within the error, 
as tha value darivad assuming tha presence of a galaxy. 

Tha two principal source's of uncertainty in tha results are the 
accuracy of the absolute mgnitudes assumed for the galaxy and the 
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fitting procndurt. ’ T1i« rang* of nbsoluto ugnitudos eensldtrtd for tHo 
gnlaxlos is ■ -22 to -23 nog., whieh produeot n rang# t ■ 0.12- 

0.14, i.o. for AM* O.S nag., tho ehango in z is about 10%. Tho dspondonco 
of t on tho assuMd absoluto nagnitudo is a coaplicatod fiinetion, sine# 
our analysis rtquirts tho galaxy and point soureo to roprodueo tho 
obsorvod intonsity distribution of tho objoet. A largor uneortainty 
than tho galaxy absoluto aagnitudo is produeod by tho fitting proeoduro. 
ioeauso our intogration ttaos woro rolativoly short, tho signal fron 
tho galaxy is woal; and noisy, and wo cannot distinguish anong nodols with 
rodshifts in tho rango z ■ 0.13 ± 0.03. Futuro obsorvations with longor 
intogratiion timos and bottor signal to noiso should onable us to rodueo 
this uneortainty. 

Qur obsorvod V nagnitudo (Table 2) is about 0.2 nag. brightor than 
that obtainod by Loddon ot al. (1980), which is probably not significant. 
Hio spoetral indox found by Loddon ot al. far tho obsorved optical 
onisslon, a * 1. IS ± 0.1, is in good agrooaent with our valuo assuaing 
all tho onission is fron tho point soureo, i.o. thoro is no associatod 
olliptieal galaxy. This is not surprising since Ledden et al. ignore 
tho possibility of an associated galaxy in their *hroken power-law'* 
nodol. T:*.*ir "single power-law plus low-redshift galaxy" nodal suggests 
tho obsorvod lun spoetral break nay bo explained by a point source with 
spectral index a ■ 0.8 ± 0.1 and a galaxy of nagnitudo V • 17.6 ± 

0.2 nag. Those predicted values are in reasonable agreement with our 
results and suggest that tho obsorved spectral break ^ due to the 
presence of the galaxy, not intrinsic to the power law source. Our 
observed V nagnitude is 0.2 nag. fainter than that of Wilson et al. 
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(1979) . This is s on«-to*twD si|^ vsriy.tion and is probably not 
significant. Howovar, wo do find tho spoetxua to be substantially 
flatter than their value of a > 1.90. Ledden et al. (1900) consider 
sid«6ral reasons for this difference. ineludi,kg the possibility that the 
photonetry asy be contaadnated by scattered light from a nearby star. 

The difference cannot be explained by a large contribution froa the 
galaxy in the 22" aperture used by Wilson et al. We have 'corrected* 

e 

their V.R.I data assiasing the galaxy characteristics derived above, and 
find the spectral index of the reaaining point source to be about 1.8. 
still significantly steeper than otnr result. A third possibility is 
that the optical spectral index nay in fact vary. 

For z ■ 0.13 the absolute aagnitude of the point source is !4y ■ -23.2 
aag.. about one magnitude brighter than the point source in 0548-322 
(Paper X). and in the middle of the range of absolute magnitudes ior 
point sources in BL Lac objects (Miller. French and Hawley 1978). 

Wbrrall et al. (1980) have reported variability in the X-ray spectral 
index and flux from 1218<»304. The spectral indices observed in Dee. 

1977 and Hay 1978, 1.1 ± 0.9 and 1.03 (■»0.2,-0.1) respectively, agree 
quite well with our optical spectral index. The extrapolation of the 
optical index predicts an X-ray flux lower than the observed flux, but 
is consistent with the reported one magnitude variability of the source 
in both optical and X-ray regimes. Our spectral index also compares 
well with the X-ray index given by Schwartz et al. (1979), and in this 
ease the reported X-ray flux is approximately what we would predict 
(Fig. 5). Worrall et al. also report. an X-ray spectral index of 3.0 
(rl.8,-0.9) for Dec. 1978, which agrees, within the errors, with the 
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optical fpoetral itidox reported by Wilson et al. Further observations 
of this source in optical. X-ray and radio wavelencths, preferably 
siailtaneously tdll have to be nade before any relationship of the 
aad.ssion at various wavelengths can be sorted out. 

VI. 11194>28 (ON 231, W Coa) 

■rowno (1971) proposed the optical identification of 1219-^28 and 

• 

suggested this source night be a BL Lac object. Its historical optical 
variability (1931-19S2) has been studied by Pollock et al. (1974), who 
find evidence in 1939-1941 for a one nagnltude optical pulse of half 
width about three years, with rapid variations of about one magnitude 
siqperposed. Strlttsuitter et al. (1972) report a range of visual magnitudes 
of about 5 nag., and Tapia, Grains and Johnson (1976) find short ter 
variability of about 0.2 mag. Recent studies suggest 1219<^28 was 
beginning a period of optical activity in 1978-1979 (Pollock et al. 1979). 
The object is stellar with a faint 'galaxy-like* object 10*'-12" fron the 
source (Browne 1971; Strittmatter et al. 1972). ON 231 has a flat 
radio speetTun and variable radio flux (Wardle 1978, Altschuler and 
Nardle 1976, Dent and Kapitzky 1976) . At this time there is no definite 
x-ray detection, with an upper limit of 2x10* erg/sec/em for the 
1977-78 epoch (Karscher et al. 1979). There are also no observed 
spectral lines fron which to determine the redshift (Strittmatter et al. 
1972) . 

We observed 1219’^28 in standard V and our O.TSum and l.Oum bands. 
Unfortunately the comparison star saturated on the long integrations in 
V and 0.7Swm, so only the short integrations could be modelled for these 
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filters. Xn th« short intogrstions in V and 0.7Sua (48 sac and SO sac 

* 

raspactivaly) and tha long l.Owa obsaxvatioR (15 nin), no nabulosity 
is obsarvad surrounding 1219^28 (Fig^ 6) . Tha photonatry for ON 231 
and two othar objaets in tha fiald, ON 231 I, tha aforaatantionad 'galaxy- 
lika objact', and ON 231 XI, loeatad about 2S" SW of ON 231, is givan 
in Tabla 3. 

Xf ua as suns that 1219^28 doas in fact hava an associatad giant 
alliptieal galaxy, a lowar liaiit can ba plaead on tha radshift. With 
tha galaxy nagnitudas usad for tha 1218-^304 analysis, and tha absanca 
of obsarvad diffusa nattar surrounding ON 231, wo find a lowar Unit 
s ■ 0.10 ± 0.03 for tha radshift. This v^lua is consistent with Ushar's 
lowar linit of z ■ 0.1, which is darivad from the assunption that tha 
faintest obsarvad 8 nag. of ON 231 is due to an underlying gala.ty (1978). 
Xf all tha obsarvad enlfsion is from tha point source, the spectral index 
is a ■ 1.69 i 0.21. Xf z ■ .10 and wa assune the presence of a standard 
galaxy, tha spectral index is essentially the sw'j, a » 1.68 ± 0.21. 

This is not surprising, since even if a galaxy is present, the emission 
fron tha entire object is dominated by tha point source. Assuming z w 
.10 and tha galaxy as defined above, approximately 6% of the visual 
light within a 10" aperture would ba due to the galaxy. If z ■ .10 the 
absolute magnitude of tha point source is ■ -23.6 mag., about the 
Biddle of the range of absolute magnitudes for point sources in BL Lac 
objects (Miller, French and Hawley 1978). Xt is assumed there is no 
reddening at this galactic latitude (b ■ *BS deg.). 

Bacausa of tha variability of ON 231, our photometry cannot be 
compared with that of other authors. Adopting (B-V) >0.6 mag. (Tapia, 
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Carniiit and Johnson 1976; Klraun 1976), %ro ostiaato B 15.8 sag. in 
May 1979, idiieh txtands and is consistant with tho rosult of Pollack «t 
al. (1979) of increasing brightness in 1978. Within the errors, our 
spectral index agrees with those found by O'Dell et al. (1978) for 
Jan. 1977 (a - 2.05 ± 0.22) M^rch 1977 (a - 1.50 ± 0.14), although 
the difference between those t.^o 'c«i}^etral indices, eoabined with the 
change of 0.8 nag. in the .547va observation, is suggestive of real 
variation in the spectral index. 

ON Z51 has been observed at 10.7 GHz by a long«baseline interferometer 
coo^rised of Haystack Observatory and OVRO in June, 1978 (Shaffer, in 
preparation) . On this baseline of '^<140xl0^ wavelengths, the source is 
partially resolved. Zt is extended approximately east/west with an 
apparent Gaussian size of 0V0006 (FWHH) . Nearly all the 10.7 GHz 
emission comes from this very small source. 

The objects ON 231 Z and ZZ are considerably fainter than ON 231; 
the photometry is therefore less certain. The spatial and spectral 
energy distributions oil ON 231 ZZ indicate it is probably a star. The 
spatial distribution of ON 231 Z is extended in the V and possibly 0.7Sua 
image, consistent with results cited above (Browne 1971, Strittnatter 
et al. 1972). The l.Ovm image is too noisy to draw any definite conclusion. 
The broadband spectral energy distribution of this object, however, does 
not reseid»le that of an elliptical galaxy (Fig. 7). ON 231 Z may be a jet 
or blob producing non- thermal emission and nay be associated with ON 231. 

Zn this connection we note that the radio spectrum of ON 231 is flat 
(Wardle 1978; Weiler and Johnston 1980; Owen and Mufson 1977) similar to 
the optical specti^tsi of ON 231 Z (a • 0.1 ± 0.2). The optical data are 
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ftt th« Halt of dotoetlbilitx with tho intogration tiaos usod. Longor 
iatogration tiaas ara nacassary bafora any dafinitiva eoneluaions can ba 
drawn eoneaming ON 231 1. 

VZX. Discussion 

Wa hava obtainad broadband iaagas for thraa BL Lae objaets, 1727^50, 
1218^304 and 1219«2S. Tha absoluta nagnituda and spatial intansity 
distributions of tha galaxy assoeiatad with 1727^50 ara eonsistant with 
its baing a giant alliptical galaxy. Tha spaetral indax of tha point 
sourea alona is 0.97. Its absoluta magnituda is ■ >20.7 nag., on tha 
faint and of tha ranga of absoluta aagnitudas of tha point sourcas in 
BL Lae objects (Millar, FrancK and Hawley 1978). 

Assuming tha nebulosity associated with 1218’^304 is an alliptical 
galaxy, wa estimate tha radshift for this object to ba s " 0.13 ± 0.03. 

Tha absoluta nagnituda of tha point sourea is M^ ■ >23.2 nag., with 
'■ optical spectral indax 0.91. Tha absolute magnitude is typical of that 
found for point sources in BL Lac objects. Ha note that the integrated 
luninosities (10®-10^® Hi) of tha point sources in 1727+SO C'^*10^^ ergs/s) 
and in ]218o304 (<'>10^^ ergs/s) are 1-2 orders of magnitude less than 
that for the quasar 3C273 (10^^ ergs/s, Ulrich et al. 1980). This result 
is not surprising since 3C273 is one of the intrinsically brightest 
quasars. 

The BL Lac object 1219-^28 is stellar, suggesting a lower limit to 
tha radshift of z • 0.10 ± 0.03 if there is an associated elliptical galaxy. 
The corresponding absolute magnitude of the point source is < -23.6 



ug* Tht spectral iadtx of an assoeiatod oxttndod objoet, ON 231 X, 
stiggosts it is not a galaxy, but aay bo a jot or othor soureo of non- 
thoraal oaission. 

Tho agrooBont of tho spoetral indieos of tho non-stollar eoapononts 
in tho optical and X*ray for 1727«S0 sad 1218*304 is quits similar to 
tho situation in Mk SOI (Kondo ot al. 1981) . This suggosts that tho 
continuation of tho **nonthoraal'* continuua fron optical to X-ray froquoncios 
■ay bo a co— on occuronco in BL Lac objects. As Kondo ot al. point out 
tho spoetral shapo is a strong arguaont for a synchrotron or Compton 
origin of tho nonthozmal omission. Since, as opposed to Mk SOI, tho 
optical flux is predicted by tho radio spectxum in those objects (see 
below), wo shall interpret tho total radio, optical and X-ray omission 
in those objects as duo to direct synchrotron omission. 

As is well known (Kardashov 1962 and TUekor 1967) idton particles do 
not have their pitch angles reisotropized, synchrotron oaission from an 
object with continuous injection is ^>proxinatod by 3 values of tho 
local power law slope a, a * 1/2 and (4/3)a * 1. For 1727*50 the best 
fit radio, optical and X-ray indices of 0.4, 0.97 and 1.3 are consistent 
with this picture. For 1218*304 the radio spectral index is not well 
determined, but a fit to the available data suggests radio, optical and 
Xray indices of 0.1, 1.0 and 1.1. These values imply that the a * 1/2 
part of the spectrum lies in the IR-millimeter band as is also suggested 
by the intersection at ''*10^^*® Hz of the power law fits to the optical 
and radio data. 

If this scenario is correct the change in slope between the radio, 
optical and X-ray is due to a combination of injection timescales, 
synchrotron and Compton losses, and the pitch angles of the particles 
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oot b«liig r«isotxopiz«d in th«s« objects. Assuaing sphorlesZ gooMtrx 
and no roUtlvistie offsets (on sssuaption wo will chock bolow), tho 
lifotiao of 0 porticlo of onorgy ya^e^ ogoinst synchrotron losses is t^ 
16^ B years (whore B is tho strength of tho sagnotie field in gauss) 
and tho lifotiao against Coapton losses is t^ ^ 0.9/yU years (idioro U is 
tho energy density in egs units) . No can estiaate the energy density in 
1727450 and 12184304 by setting U • L/R^e tdiere L is the luidnosity in 
ergs/s and R a characteristic size in ca. The size can be estiaated 
either froa observations of variability or froa VLB! aeasureaents. For 
particles to produce photons at a frequency the relation 4 x 
10^ B aust be satisfied. For a source which exhibits a low frequency 
turnover due to synchrotron self -absorption one can calculate the aagnetic 
field and the y of the particles eaitting at the turnover frequency 
According to Marscher et al. (1979) 

B 10 K- (o) 9^ vf S"^ (1+z)"^ 4 gauss 

y^ 3.5 X 10* 9^* (l4t) 5*^ 

One can derive estiaates of these quantities for 1727430 and 12184304. 

For 1727450 9 3 aas, S_ 0.2 Jy, < 3 GHz and a ^ 0.4. These 

. B B * 

values give 8 'v 5 gauss, y^ 10. This, is a very high value of B and a 
very low value of y. when coapared to the sample of Marscher et al. For 

B 

17 

12184304 we estimate a physical size of .< 1.5x10 ca froa the X-ray 
variability timescale (Wilson et al. 1979) which implies 9 s 0.02 aas. 

With “v 6x10’* and S 3 GHz, this gives B 1x10’* and y 6x10^ 

which is similar to the values of aany of the sources in Marscher et al. 

/ 

We therefore speculate that there exists a component smaller than 3 mas 
in 1727450. 
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thttsi v«lu«s of B Mnd y «nabl« us to ostiaato tho lifotiao of tho 


poxtielos Mittlng synchrotron photons. For 1727^50 wo dorivo t^ 0.065 


yrs and t. 1000 yrs., and for 12184'304 t. 

C 9 


3x10 


10 


yrs, tg 30 sac 


for tho partlelos radiating in tho radio band at v^. Sineo tho froquoney 

2 

at which most of tho flux producod by particlos with onorgy ya^c is 
radiatod is proportional to y , and <>< y* % tho particlos radiating 
in tho X-ray rogion havo shortor tlaoscalos (''* 5x10"*), than 

thoso radiating in tho radio rogion. Wo thoroforo concludo, for both of 
thoso dbjoets, that continual injection is a nocossity if tho X-rays aro 
duo to tho synchrotron process. If tho saall size (*'' 6 light aonths) of 
1218«304 is real, and not duo to onorgy loss phonoaona, this suggests 
that tho X-ray aoasuroaonts should place strong liaits on synchrotron 
solf-Coapton CSSC) X-rays. Following Marschor ot al. (1979) wo predict 
an X-ray flux of 

% ' “■* “* *■' 
whore 8 represents possible effects due to relativistic notion. For 
1218<*>304 one finds F^^ 10“* 8*^ erg/ ca^/ sec which is five orders of 

a^itude higher than the observed X-ray fluxes. Therefore 8 IS 
(reaeaber 8 (r[l<8 cos^])"^, whore 4 is angle to tho line of sight, 5 

This is a value of 8 sinilar 
to the range of values found by Marschor et al. for variable radio 
sources. For 1727-^SO the predicted self-Coapton X-ray flux is considerably 
below our upper liaits so there is no' need for relativistic effects. The 
break frequency is roughly (Tucker 1967) 1.6x10^® B“* tT^ Hz (where 

t^ is the tine in years since injection began). For 1727-^50 with Vg ■v 
10^*** and B 5, we find tj^ 2x10"* yrs. For 1218^S04 with Vg 10^*'* 


is tho bulk velocity and T ■ ((1- 8^)]"^^^ 
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but I 10*^ QM finds 7x10* yt» {if d ■ 0). Urn us* th* fact 
that th* lack of hard X-ray anlsslon ii^llas t ^ 10, than B 10** and 
t^ *w 2x10^ yrs. Th* lowar valu* of y iqpliod if d 10 for 1218«304 
also ineraasos th* Conpton lifatia* to '^SOO sac, but doas not aliaiinata 
th* naad for continuous injection. Many of thas* paraaatars dapand on 
B, B, and to vary hifh powers. Therefor*, w* stress that th* values 
iqiliad by thas* fomulaa are not axact and ar* only indicative of th* 
problasis posed by these sources. 

We can therefor* consider that th* X-ray spectrusi of 1218^304 inplies 
th* existence of relativistic uotion effects (perhaps a jet) ind of 
continuous injection. For both 1727-^SO and 1218-^304 the fact that the 
total speetzua is consistent with a synchrotron spectrua in which the 
particle pitch angles have not been reisotropited also argues for directed 
bulk notion of th* particles. This is sinilar to th* scenario proposed 
by KOnigl (1980) for BL Lae objects in general. This scenario does not 
require a **th*xaal*' accretion disk and provides strong evidence for a 
'*non-themal" origin of the total emission fron BL Lac objects if the 
total spectrum is due to a single process. 

Finally, ue note the apparent absence of other galaxies near the BL 
Lacertae objects discussed here. No associated galaxies were visible on 
th* CCD frames. Abell's catalogue (Abell 1958) lists no clusters centered 
near these objects at appropriate redshifts. (If ON 2"1 has a redshift 
significantly larger than z • 0.1, this argument does not apply.) If 
the BL Lae objects are associated with rich clusters of galaxies, the 
elxisters should be visible on the Palomar Sky Survey. Since luminous 
elliptical galaxies are usually found in clusters, this result suggests 
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tlwt tht IL Ue phmoMnon ny pr«f«rtnti«lly avoid a elustar anvlxoiaant. 
BL Lae objects ZMy be like quasars of saall redshift, which tend not to 
be associated with clusters of galaxies (Hintzen and Scott 197S} . There 
is at least one counter exaa^le. however; the BL Lae object 3C66A, which 
has been reported to be associated with a rich cluster of galaxies at z 
0.37 (Butcher et al. 1976). More deep isuzging of fields near BL Lae 
objects is necewsaty to establish the fre^eney of association between 
BL Lac objects and galaxy clusters. 
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TABU 1 

niotOiMtxy for 1727«50 


^obs 

Obs. Nig. 

Modol 

Point 5ourci 

Gilixjr 

0 • io»» 

Nig: 

• - 10” 


(Std. Diia.) 


1 

0.4SI1B CD 

X6?69 i .10 

10?71 

17?29 ± .10 

10?07 i A2 

0.S3 (V) 

10.27 ± .10 

10.27 

17.02 t .10 

15.88 ± .11 

0.7S 

1S.S7 ± .10 

15.59 

10.54 ± ,10 

15.21 t .11 

0.99 

15.05 t .10 

15.05 

lO.lS ± .10 

14.05 t .11 
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TABLE 2 

Photoa«try for 1218<t>304 


^obs 

Obs. Mag. 

^todol 

Point Sourco 

6 - 10'* 

Mag. 

6 - 10” 



O.SSys (V) 

10?06 i .10 

16?08 

16?31 i .10 

0.75 

15.65 ± .10 

15.66 

15.92 t .10 

0.99 

15.23 i .10 

15.25 

15.57 ± .10 
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TABLE 3 

PhotOMtTT of ON 231 Flold 

X . , ON *531 ON 231 I 

Obs. Nag. Obs. Mag. 

9 m 10** 

0.53iia CV) 15?2S t .10 19?08 ± .15 

0.75 14.64 t .10 18.81 ± .15 

0.99 14.01 t .10 19.06 ± .15 


ON 231 11 
Obs. Nag. 


19*62 ± .15 
19.49 ± .15 
19.36 i .15 
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FIGURE CAPTIONS 

Pig. I. Coap«risoii of tho obsozvod spatial intansity distributions of 
1727«S0 (fillad eirelas) with aodols (solid lint) and PSP (dashad lina) . 

Pig. 2. Coaparison of tha broadband spaetral anargy distribution of tha 
galaxy assoeiatad with 1727«50 and tha distribution for a known giant 
alliptieal galaxy. 

Fig. 3. Optical and far-rad fluxas fron tha point sourea in 1727-^SO (a) 
eoaparad to obsarvations at othar wavalangths. Tha solid lina indicatas 
spaetral indax a ■ 0.97. Data sourcas: (x) LaSquaran, Biraud and 

Lauqua (1972), (o) Owan, Spanglar and Cotton (1980); (o) Landau, 

Epstain and Rathar (1980); (♦) Nailar and Johnston (1980); (A) Snydar 
privata cooBunication (1980), (hatchad araa) this papar. 

Pig. 4. Sasia as Fig. 1 for 121S<«>304. 

' Fig. S. Sana as Fig. 3 for point source in 1218-^304. Solid line indicatas 
a ■ 0.91. Data sources: (a) this paper; (x) Wilson at al. (1979); (— ) 

Norrall at al. (1980), a > l.O; (o) Snyder privata conmunication (1980); 

(A) Schwartz at al. (1979). 

Fig. 6. Comparison of tha observed spatial intensity distributions for 
1219^28 (filled circles) and the PSF (dashed line). 

Fig. 7. Fluxes far ON 231 (x) and ON 231 I (o) compared to radio observations 
(Owen, Spangler and Cotton 1980) (a). The spectral index of ON 231, a « 1.69, 
(•••), and the spectral distribution of an elliptical galaxy with the same 
V magnitude as ON 231 1 ('— —) are also shown. 
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